Oligo(U) derivatives with C 14
INTRODUCTION
The general methods of the attachment of the reictive aromatic 2-chloroethylamino group either to 3'-end or to 5'-end of oli^oribonucleotides were elaborated by « . I . Grineva md coworkerr. The former i s based on the attachment of 4-CJ-2-chloroethyl-I/-methylamino)-benzaldehyde to 3'-end cis-diol group via acetal bond . The l a t t e r use3 the binding of 4-(H-2-chloroethyl-lI-methylamino)-benzylamine to 5'-phosphite via amide linkage . The oligo(A) derivatives of the former type (Ap) 1 ACIIRC1 were demonstrated to stimulate Lys-tRIIA
6.
binding to ribosomes in the case of n > 3 . In the ternary complex 70S ribosome (Ap) ..ACHRC1 Lya-tRlIA the reagent was found to alkylate 50S subunit 16S nilTA being modified preferentially-^ Similar results were obtained with oligo(U) derivatives . With the reagent bearing reactive ^roup at 5'-end, C13CH fTHpA(pA)g affinity labelling of ribosomes has resulted in the significant modification of 50G subunit thus indicating that mRNA-binding centre is located in the vicinity of 50S subunit'.
The present paper deals with the determination of the pro- Affinity labelling of ribosomes was carried out in the ternary complex "70S ribosome-oligouridilate derivative•tENA e ".
1 ml of the reaction mixture containing 0.002 moles of each of ribosomal subunit, 0.04-0.08 moles of the oligouridilate derivative and 0.008-0.01 moles of tRNA Plie (E.coli) in the buffer A v/as incubated for 20 min. at 25°. In the experiments with the competitive inhibition of the affinity labelling by poly(U) and (pU)^ v.ere taken in the four-fold weight excess bo the reagent .
The ternary complex -as separated by ^el-i'iltration on the column v/ith oephadex 3-50 (1x20 cm) equilibrated with buffer A. Alkylation of ribosomes proceeded within the ternary complex for 24 hours for derivatives bearing the reactive group at 3'-end and for 19 hours for the reagent :.ith the reactive group attached to 5'-end phosphate.
/.nalysis of the extent of modification of ribosomal subunits. The modified ribosomes were precipitated v/ith 0.7 volume of euhanol. The precipitate was dissolved in buffer B and ribosomal subunits ..ere separated by centrifugation in the sucrose gradient 10-30% in the same buffer (at 25000 rev/min in Spinco S'.V 27 rotor for 17 hours). 1 ml fractions were collected and absorbancy at 26b run and radioactivity of each fraction were determined. Fractions containing subunits were joined, magnesium concentration was raised up to 0.01M and subunits were precipitated v;ith ethanol.
Analysis of the extent of modification of ribosomal proteins and ribosomal UNA within subunit. The subunit pellets v.ere dissolved in buffer 3. Squal volume of 4M LiCl in 8M urea, containing 0.5 mil 2-mercaptoethanol was added to the modified subinit solution and the mixture was incubated at 0°d uring 24 hours. The precipitate of ribosomal SNA was separated from ribosomal protein supernatant by centrifugation at I?000 rev/min for 10-15 min, washed twice v;ith 2M LiCl in 4M urea and dissolved in 0.O1I.I tris-HOl, pH 7.2. The solution was shaken with equal volume of 8 0 % phenol for 15 min at 4°C and centrifuged for 20 min at 5000 rev/min. The /aqueous layer was taken and UNA was precipitated by bhe addition of 2 volumes of absolute ethanol. The RNA-pellet was resuspended in a small volume of 0.01F.
1
! tris-HCl, pTI 7.2 and then IUTA was precipitated once more by 2 volume of ethanol. The precipitate '..as washed twice by ethanol and ether to remove phenol, dissolved in O.OILi tris-HCl, and radioactivity of the solution was measured. To determine the radioactivity bound to ribosomal protein aliquote of the protein supernatant in 2M LiCl --4I.I urea was incubated with 5,5 TCA at 90° for 15 min to hydrolyze UITA, afterwards the precipitate of proteins v.as collected by filtration on a nitrocellulose membrane filter (AUi?S, "Chemapol' 1 , 035^) and .ashed three times with 5 ml of 5-« TCA, the filter was dried and the radioactivity sorbed on the filter ..as determined in the scintillation counter (Uark-2, "Nuclear Chicago', r JOA).
P -epar'ation of ribosomal proteins. Method 1 'vaa that of Hardy S.J.S. and Kurland C.G. 'C]-ClRCH 2 HHpU(pU)g was incubated at 40°, pH 1 for 3 hours. Then solutions, containing proteins were neutralized with alkali to pH 7, dialized against buffer P, concentrated with Picoll ("Pharmacia", Sweden) and subjected to reductional all:ylation and subsequent 2-dimensional gel electrophoresis (see below). The mixture of unmodified 30S proteins was subjected to the same set of procedures and only S1 and S6 were found to be retained by the resin in control experiment.
Reductional alkylation of 30S modified proteins. 2% solution of HCHO was added to solution of modified proteins in buffer 7 to concentration 0.001M -tRNA in the presence of p(Up).UCHRCl is 25% lower than that in the presence of poly(U). The results obtained with other reagents used in this paper are nearly the same.
In the presence of non-acylated tRNA ribosomes bind 0.6 moles of [ To perform specific alkylation of ribosomes the ternary complex "70S« [
U C]-p(Up) nM UCHRCl.tRNA Phe " was separated from the excors reagent by gel-filtration. Complex was incubated at 25° for 24-hours. This time corresponds approximately to 1.5 half times of the coversion of 2-chloroethylamino group 18 to ethylenimmonium cation which is the rate limiting step of the overall alkylation process p(Up) n-1 UC
The more prolonged incubation results in the essential loss of the reagent off the complex. It is worth mention that concentration of the complex in the incubation mixture 4uM. Consequently concentration of the reagent outside the complex is still lower and any modification outside the complex is negligible. The incubated mixture was centrifuged in the sucrose gradient at low magnesium concentration to separate the ribosomal subunits. In these conditions the unreacted oligonucleotide derivative is completely separated from the subunits . Therefore the radioactivity found in the subunit fractions represents covalently bound reagent. The extents of modification of subunits by the reagents are presented in the Table 2 .
In order to demonstrate the specificity of alkylation similar experiments were performed in the presence of 4-fold excess (in moles of the nucleotide residues) of poly (U). The data are given in the same table. It is seen that poly (U) significantly protects ribosomal subunita against modification.
To estimate the distribution of the label between rRllA Table 3 . It is seen that within 30S subunits 16S rRNA is predominantly modified with p(Up) n _ 1 UCHRCl whereas proteins are mainly labelled with ClRCH 2 NHpU(pU)g. Proteins are modified predominantly within 50S subunit by the reagents of both types.
To determine the distribution of the label among proteins of the 30S subunit modified with p(Up) n _ 1 UCHRCl v/e have separated most of the labelled proteins by DEAE-chromatography at neutral pH in 7M urea. It is known that among native proteins of the small subunit only S1 and S6 are retained at the column in these conditions °. The binding of 6-9 additional negative charges present in the reagents results in the change of the net charge of all 19 remaining proteins from positive to negative as revealed by the amino acid composition of these T a b l e 3. Distribution of radioactive label among structural components of ribosomal subunits R e a g e n t The proteins frora the 30S subunit modified with CIRCiyTHpUCplpg as well as proteins of the 50S subunit were extracted from the subunits by conventional treatment with 67% acetic acid. The proteins were separated using the traditional two-dimenaion gel electrophorcsis procedure . Prior to electrophoresis the oligonucleotide moiety of the reagents was spliti/ed off by treatment at acidic pH. The distribution of the radioactivity among proteins of the small subunit is given in the Pig.1, It is seen that the sets of proteins are different for the reagents of different length. Three reagents alkylate both ribosomal subunits in nearly equal extent or even with some preference to 503 subunit. This means that mHNA analogs occupy the region adjacent to the area of the contact between subunits.
Nine proteins (S1,S3,S4,S5,311 ,S12,O1^,318,C21) .vere found to be labelled by reactive nutfTA analogs in previous investigations. The survey of the data is given in 2 1 . Je did not look by our technique the labelling of S1. In no case we have seen the labelling of S3 found in 21 and of S12 found in 2 2 » 2 5. i n addition to previously described proteins we have obtained significant modification of S7,S9,S14,S15. The set of proteins modified by the reagents depends both on the point of attachment of the reactive group and on the length of oligouridilate moiety. The latter result differs from those presented in 2 1 for the set of oligoadenylate bearing photoreactive p-azido benzoylhydrazide residue attached to the oxydised by NalO. 3'-end of oligoadenylates. These derivatives were found to modify only proteins S3 and S5 irrespective to the length of the oligoadenylate moiety. However 21 it should be mention that in the level of the oligonucleotide binding to ribosomes (0.1-0.2 mole per 1 mole ribosomes) and especially the extent of modification (0.007 mole of the reagent covalently attached to 1 mole of ribosomes) were very low as compared with our data. Therefore, some proteins could be missed in the course of investigation.
The difference in the set of proteins modified with P(Up) n _ 1 UGHRCl of various length means that position of the reactive group in the ternary complex with ribosome and tRNA depends on the length of oligonucleotide moiety of the reagent.
Discussing the possible reasons of these differences it should be taken into account that nucleoside residue bearing the reactive group is unable to participate in the codon--anticodon interactions probably due to severe distortion of the nucleoside conformation . Therefore, penta-and hexauridilate derivatives may interact only with one anticodon on the ribosome. As deucylated tRNA was used in our experiments 2 5 this meant that P site was occupied by the reagents . Two alternative positions of p(Up).UCHRCl and three positions of p(Up) 5 UCHRCl are schematically presented in Pig.3 (A and B ) . As we used in our experiments significant excess of tRlfA both P and A site should be occupied by p(Up)gUCHRCl and p(Up)™UCHRCl. In the former case only one possibility exists presented in Pig.3(C). This may explain more sharp distribution of the label in this case (only two proteins are modified in 30S subunit, 50S subunit is not labelled). The strong similarity of the sets of proteins modified by p(Up),-UCHRCl and p(Up)yUCHRCl may be due to similar dimensions of the compact double stranded conformation in the latter case and longer flexible aingle-stranded oligo(U) fragment in the former.
The sets of proteins modified with heptauridilate derivatives with the reactive group at either 5'-or 3'-end are completely different. In the former case S5, S11 and S13 are the ribosomal subunits 2 B » 2^. These models are based mainly on the data of immunoeleotron microscopy. In Pig.4 the model of Tischendorf and StOffler is presented 2 8 which is the most full as to the number of the localised antigenic determinants. It is seen that all proteins found in our work to be modified with DIRNA analogs occupy the "head" of 30S subunit.
The antigenic determinants of S9 and S18 which are found to be at the 3'-side of mRKA binding center are rather far one from the other. However S18 is an extended protein and it may protrude out of the ribosome in some additional points Pig.4.Location of the proteins modified by oligo(U) derivatives as well as of some proteins discussed in the text on the Tischendorf-StOffler models of both riboaomal subunit.
not revealed by immunoelectron microscopy located closer to S9. It was also demonstrated that S18 may be cross-linked with rather short bifunctional reagent with S21 *°»*~ which is close to S9 at the model under consideration.
The 5'-side of the mRNA binding region contains according to our data the proteins S5, S11 an S13. The antigenic determinants of S5 and S11 are rather close one other as well as determinant of S12 which was found to react with BrCH o C0NHC c H / ,0piipUpG in the P site. S13 is crBss-linked with S11 and S5
J % Therefore again we may suggest that some part of xhis protein is located close to these proteins in spite of the absence of its antigenic determinants in this region.
As to proteins modified in the 50S subunit L1,L2,L6, L7/L12 and L19 occupy according to Tischendorf and Stoffler the region of the contact between 50S subunit and the head of 5OS subunit. The localisation of L31 and L32 found to be alkylated in this work is unknown. However L32 cross-links with L18 and L19 which are in the same region of 50S subunit^* 24 # Thus we may conclude that at the considered model mRNA binding center occupies the left side of the "head" of 30S subunit with mRlTA extended from the left side (5'-end) to the front of the head (3'-end). Some proteins of 50S subunit either participate in tlie formation of this center or are quite close to it. 
